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TECHNIC AI, MEMOltANDl'M 7«205 


MOSSBAUER study in thin films of FeSI^ 
AND FeSe SYSTEMS 

INTRODUCTION 


The impurtance of structural studies in thin films using Mdssbaucr 
spcctmscopy has been discussed in an earlier report (1|. This work is a con- 
tinuation which includes thin Qlms of FeSi 2 and FeSe. The methods of prepara- 
tion, characterization, and studying the films as discussed in Reference 1 arc 
used In this study. Thin films of FeSij and FeSe having various thicknesses 
were dc|X)sited and studied to determine the variation of Mdssbauer parameter}^ 
with film thickness. No work on these thin 01ms has been rc|ortcd thus far. 


RESULTS AND DISCUSSION 
Thin Films of FeSi^ 

In the present work Mdssbauer spectra of bulk FeSlj and of FeSlj thin 
films having thicknesses 10 A , A , 190 A, 380 A, and 760 A deposited 
on Mylar substrates were taken and a typical spectrum is presented in Figure 1. 
Only two lines could be fit to the spectrum in all cases. As discussed in the 
case of FeTe films 1 1], It is improbable that a material which shows one non- 
cubic site in bulk [21 would show two nonequlvalent cubic iron sites in thin films 
deposited on a substrate which is amorphous and therefore does not influence 
the film structure. Since, in case of bulk FeSi 2 a quadru|X)le split spectrum was 
observed, the two liixss observed in thin Qlms are attributed to quadrupole 
doublets. The parameters of the doublets arc given in Table 1. 

Table 1 Indicates that the isomer shift (IS) values of these doublets show 
a decrease with increasing thickness and are constant beyond 190 A . The 
Initial decrease in the IS value is indicative of an increase in the s-elcctron 
density at the iron site with increasing film thickness. The 4s electron contri- 
bution to iron corning from silicon ions incicases when the number of Si near 
neighbors increases, or when the Fe-Sl distance decreases (3) . At low thick- 
nesses the dangling bond density is higir. This leads to a lowering of the number 



uf Si ru'ar nolKliborH for somu Iron slton. As :i ruMult, a loworlnK of the' s- 
uloi'trttn (iensity ut iron siU's could Ih' {lOBhlblc. The oUiur (KiSBible 

rouson for the observed behavior of IS values could tic that the Fe-Sl distances 
for low UUcktK'ss films art' K<^uter than those for tilms of lUither thicknesses. 

On the biisls of LS variation alone, it Is difficult to say which iilienomenon Is 
playing the dominant role. However, quadru|Kde splitting (QS) data, as Indicated 
l)elow, favor gn*ater Fe-Si distances at lower thicknesses. 

It Is observed that the QS values show a gradual increase wlU> Incivaslng 
film tliickness (Table 1) to 380 A thickness. Variation In QS values could be 
due to either of tiu' two causes prt'viously discussed. Presence of dangling 
bonds would, however, mean more distorted silicon polyheilra and hence a larger 
QS value at lower thicknesses |3|. However, an Increase of Fe-Fl disUince 
would mean a reduction in the quadrui)olc Interactions between the Iron Ion and 
the slllcoi) j)ol.vlu'dra. It Is possible that both these effects are present; ht>w- 
ever, since the net observed effect In low thickness range Is a decrease In the 
QS value with decreasing tlUckness, It is concluded that changes In Fe-Si dis- 
tances play the dominant role at lower thicknesses. Such changes in lattice 
constants at very low thicknesses have been reported by other workers [4). The 
decrease of QS values at 7G0 A Is indicative of disapiK'arance of dangling bonds. 
This is sup|x>rted by the fact that QS values for the 7G0 A Qlm and the bulk 
FeSl 2 are equal. The asymmetries of line widths :md areas corresponding to 
the two lines of the doublets do not show any consistent variation with thickness, 
perhaps because these asymmetries originate from multivarious causes pre- 
viously discussed. No ilefinite conclusion In this legard con be drawn without 
further Investigations Involving study at different tem|ieraturcs. 

The Mdssbaucr siK^trum of 100 A FeSij flln> deposited on aluminum 
did not show any quadrupole splitting; a single line corresponding to an IS value 
of 0.0051 i 0.0142 mm/s was observed. It may bo jHilnted out that the FeTe 
films deposited on aluminum substrate had also exhibited a single line [1| with 
an IS value close to the one observed In the present case. It is therefore con- 
cluded that even If the structure and bond nature In the res{X'cUve bulks are 
different, Uieir thin Qlms de|X)slted on aluminum substrates show a lot of 
structural similarity. This observation reflects on the Influence of substrate 
on film structure. 


Thin Films of FeSe 

Hulk and thin films of FeSe having thicknesses of 500 A , 1000 A , and 
2000 A de;x)slted on aluminum substrate were studied. The computer fits of 
one of the sfiectra Is shown In Figure 2. The observed Mdssbauer parameters 
are given in Table 2. The lines, though broadened, could not be split. 
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The larjit’ Um> width in thr prcin’tit ca«i* cun in* dut* t» (1) the prcBcniv 
of Hmall InU’rntil Qt*ld |2| und (2) the tlisonier due to diingUnK bonds 1 1|. Any 
variation In line width reflects on the variation of the two factors. From earlier 
studies, it Is well-known that the rt'laxatlon effects ap(M>ar in low-thlckn(>ss 
films and that IjcIow a few-an^Btroni thlckiu'HB the h>i)crflne field complcUdy 
dlsapiiears. The preaent study was confliwd to a higher rantte of thickness where 
such ixdaxatlon effects would l>e absi'nt. The preseni'e of ;uiy majaHHlc field In 
such samples may result In lln«' broadening, but the variation in the width of 
Mhssbauer llix's with film thlcknt'ss cannot Im> ilue U> any change In the magnltuik' 
of the field. 

The other factor that can cause llm* broailenlng Is tht* dangling lx)nd 

disorder. As explaint'd In the case of thin films of FeTe ( 1|, the cUaorder due 

U> dangling U>rKls lx*conies less :is the film liecomes thicker. The observed 

ilecrease In the Iliw' width suggests the lowering of disorder due to dangling 

lH>nil8. The observation that at 2000 A thr llm* width Is close to that of the bulk 

shows that the dangling bond disorder disa{)|M*arB at this thlckiw'ss. At 2000 A 

and above, the broailenlng N\ ,, l>elng due U> hyiHsrfinc Into rac 'ions only |2|, an 

M 

estimati' of the bn>ailening due to disorder at liwer thicknesses can bt' made. 

The observed llm* widtli W c:m be written as 

a 


W' . NN' " +W , 

a N M n T 


where NN’ , Is the natural lliw wldtli from life time considerations, W is the 
N M 

broadeniitg due to hyi»erflnc* field, \N,j, Is tlu* broaikmlng due to absorber thick- 
ness, and W is the broailenlng due to dlsonk'r. Taking the values of W + 

W + \V as 0.70 mm/s (line wldtli of 2000 A thl.'kness), W was calculated 
M T U 

for r>00 A ami 1000 A thick films (Table 2). It is iHisslble to correlate the 

width of Mdssbauer line with tiie dangling bond configuration. 

The IS values arv almost constant for all film tlilckm'sses (Table 2). 
i'hls is due to the fact that the present study was eonllned to films of high Uilck- 
ness only (^ r»00 A ). It was observed from our stuiiles on FeTe ( 1| and FeSlj 
systems tliat lieyond a certain thickm'ss (2|, tlie IS values ilo mit change 
appreciably. This is because in films of higher thickness the dangling bond 
density Is low and it does mit vary much with film thlckm'ss. A small number 
of dangling Uimis pri'sent at these thicknesses will change the local order ut 
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8omc of the irt>n slU's and honi'p would cause bn>adenln({ In the line. However, 
their nuinber Is not lante etK>uKh fur them to be pivsent at all the iron sites so 
as to cause an overall change In the IS value. Moreover, In the present case 
the films were de|x)Slted on aluminum substrate. The crystalline aluminum 
substrate plays a dominant rule in the formation of bonds In the films; the 
crystalline sfnicture guides the initial bonds in the film, und this bond con- 
figuration Is maintained even for higher film thicknesses. This again explains 
why the IS value does not change with thickness. Since the Influence of the 
substrate is absent In bulk, the observed IS values in films differ appreciably 
from that of the bulk ( 2 ] . 

The IS values cbset%red in case of FeSe films are very close to the values 
observed for FeTe and FeSl; (Table 2) deposited on the same substrate (alumi- 
num). It 18 Interesting to note that the nature of the spectra In :ill these cases 
is almost Identical. They all show a single line with no indication of any 
quadru(Kde interaction. The cubic structure of the aluminum substrate is main- 
tained in the films even for thickness os high at 1000 A (in case of FeTe) ( 1|. 


CONCLUSION 


In conclusion, on the basis of the present study it is felt that Mossbauer 
spectroscopy throws light on certain aspects of thin film structure which never 
before had been emphasized by the traditional methods of study. This kind of 
structural study gives a clearer picture of dangling bond configuration and 
nature of bonds in films. 
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Figure 1. 
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Figure 2. MSssbauer spectrum of FeSe &lm (2000 A on aluminum substrate). 


rAHI.F I. MOSNUAl EH PARAMEI EHS IN KeSl, SYSTEM 
(FIl MS ON AMOHIMIorS Sl IiSTHATE) 


ThL'kncB* 

(A) 

IT. 

(nini h) 

Qs 

( mm/a) 

10 

0. 152 i 0.03S 

0.584 k 0.042 

H5 

-0.030 « 0.042 

0.004 i 0.047 

ino 

-0.017 i 0.050 

0.005 * 0.05 

3SC< 

0.010 t 0.02H 

0.745 t 0.032 

7150 

-0.00^ t 0.021 

0.055 i 0.020 

Hulk 

-0.022 * 0.010 

0.000 * 0.023 


TAHl.E 2. MCSSSHAI’EH PAHAMETEHS OF FcSi« SYSTEM 
(FILMS ON ALP MINI’ M SlT^rTIUTE) 


Film 


W 

a 

w 

n 

Thickness 

LS 

(A) 

(mm s) 

(mm s) 

( mm si 

500 

0.074 i 0.020 

0.071 i 0.042 

0.208 

1000 

0. 120 * 0.033 

0.000 i 0.040 

0. 140 

2000 

0.113 k 0.012 

0.703 k 0.012 


Hulk 

0.204 i 0.011 

0.706 i 0.013 

1 

1 




















